ference between t h e f i s s i o n threshold and neutron binding energy. Huizenga,
Gindler , and Duff i e l d c o r r e l a t e d the r e l a t i v e photofission y i e l d s (-15 ~e v ) of

7~8 I n t h e present paper we s h a l l i n v e s t i g a t e d i f f e r e n t n u c l e i with Z /A. f u r t h e r the a p p l i c a b i l i t y of t h i s parameter t o t h e d e s c r i p t i o n of t h e r e l a t i v e p r o b a b i l i t y f o r f i s s i o n of various n u c l e i i n the intermediate energy range up t o about 50 Mev, The t o t a l f i s s i o n cross section f o r the r e a c t i o n of charged p a r t i c l e s with heavy elements i s not a very s e n s i t i v e measure of the r e l a t i v e f i s s i o na b i l i t y of d i f f e r e n t nuclides, a s the f i s s i o n c r o s s s e c t i o n u s u a l l y accounts f o r more than 80% of the t o t a l r e a c t i o n cross s e c t i o n and does not vary much from nuclide t o However, the e f f e c t of f i s s i o n competition on s p a l l a t i o n r e a c t i o n s , p a r t i c u l a r l y those occuring b y compound nucleus mechanisms, i s q u i t e a s e n s i t i v e measure of f i s s i~n a b i l i t~.~ The (a,4n) r e a c t i o n i s p a r t i c u l a r l y s e n s i t i v e t o f i s s i o n competition as f i s s i o n has had f o u r chances t o compete with neutron emission &:a?g t h e evaporation chain. It i s a l s o q u i t e l i k e l y t h a t t h e (a,hn) r e a c t i m proceeds almost e x c l u s i v e l y through a compound nucleus mechanf sm. For th.ese reasons t h e (a,4n) r e a c t i o n was chosen 2 t o i n v e s t i g a t e t h e a p p l i c a b i l i t y of t h e parameter Z /A t o f i s s i o n competition
i n the heavy elements a t moderate e x c i t a t i o n energy. I n addition t o making a l i t e r a t u r e survey of measured (a,4n) e x c i t a t i o n functions of f i s s i o n a b l e elements, a few i s o t o p e s were chosen f o r a d d i t i o n a l study. These experiments are described b r i e f l y i n Section 11, and a discussion of th.e r e s u l t s i n terms of these considerations follows i n Section 111. 11 seconds. Thus, i f we again use the r e l a t i o n s h i p t h a t each f a c t o r of t e n i n r a t e corresponds t o some 0.13 Mev of energy, it follows t h a t E i s , i n general, a' some 0.9 Mev l e s s than E . The E values c a l c u l a t e d from an equation using a s t r a i g h t l i n e dea 2 pendence of spontaneous f i s s i o n h a l f l i v e s on Z /A can be only appro ~i m a t e a t b e s t , because t h e r a t e f o r t h i s process depends on more compliczte3. f a c t o r s 2 2 than j u s t a dependence on Z /A, Although the parameter Z /A accounts f o r the g e n e r a l t r e n d of spontaneous f i s s i o n l i f e t i m e s , it has been pointed out t h a t f o r a given value of Z t h e h a l f l i f e goes through a maximum a s A v a r i e s , 2 1 I n a d d i t i o n it has been noted t h a t t h e r e i s en increase i n t h e spontaneous f i s s i o n r a t e f o r nuclides with more than 152 neutrons, 22 Swiatecki 13,23 has 2 s u c c e s s f u l l y r e l a t e d these deviations from a simple Z /A c a l c u l a t i o n by considering the energy difference between a smooth saddle point energy surface ( a s a function of Z and N ) and the a c t u a l experimental ground s t a t e masses, Table I1 and i l l u s t r a t e d i n Fig. 1 . !The estimated limits of eprolof i 20% a r e due p r i n c i p a l l y t o ~" n c e r t a i a t i e i n determining t h e amount of ;;arget m a t e r i a l which was bombarded.
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i c i e n c y of 80 + 5% f o r a l l of t h e bombardments. The estimated l i m i t s of e r r o r f o r t h e c o r r e c t e d ( a , k n ) r e a c t i o n c r o s s s e c t i o n s a r e i 7$.
The c r o s s sec-tlons f o r t h e u~~~ ( a , h ) ~u~~~ r e a c t i o n a r e l i s t e d i n
Table N and i l l u s t r a t e d i n Fig. 3 
. The c o n t r i b u t i o n of t h e Pu236 produced by
;he (a,3n) r e a c t i o n Prom t h e u~~~ p r e s e n t i n t h e t a r g e t has been s u b t r a c t e d .
Any appreciable c o n t r i b u t i o n of ~u~~~ from t h e decay of N~~~~ was e l i m i n a t e d by
yemoving neptunium, chemically very soon a f t e r t h e bombardment. The estimated l i m i t s of e r r o r a,re 1ist;ed i n t h e t a b l e , 2 26 226 Table 11 . R a (a,4n) Th c r o s s sections (mb) a s a function of helium-ion energy. Table 111 . ~h~~~ (a,4n) uZ3O c r o s s sections (mb) a s a function of helium-ion energy. Table IV . u~~~ ( a , 4 n ) ~u~~~ cross sections (mb) a s a function of helium-ion energy. 
F i g . 1. E x c i t a t i o n f u n c t i o n f o r t h e Rs226 (a,i;n)
. E x c i t a t i o n f u n c t i o n f o r t h e ThZ30 ( a , b n ) U 230
r e a c t i o n . Fig. 3 . Excita-ion function for the u~~~ (a, bn) Pu. 23 6 reaction.
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DISCUSSION
The e x c i t a t i o n functions shown in Figs. 1 t o 3 a r e i l l u s t r a t i v e of t h e l a r g e v a r i a t i o n s i n c r o s s s e c t i o n s f o r (:a,4n) reacti.ons of f i s s i o n a b l e nucli.dee, I n order t o a r r i v e a t some semi-qu.antitative measure of t h e e f f e c t i v e competiti.on between neutron-emission and f i s s i o n , we w i l l attempt t o r e l a t e t h e observed c r o s s s e c t i o n s t o p a r t i a l l e v e l widths f o r t h e vari.ous modes of decay of t h e compound nucleus, which a r e i n t u r n i n v e r s e l y r e l a l e d t o t h e mean 1l.feti.
mes of t h e conrpound nucleus with r e s p e c t t o t h e d i f f e r e n t modes of decay. Toe d.ed.uet i o n of l e v e l width r a t i o s (branching r a t i o s from a, xn e x c i t a t i o n f u n c t i o n s has been described by Glass e t al.. 25 I f we assume t h a t f o r excitatAon e n e r g i e s
--above t h e f i s s i o n threshold and neu.tron bi.nd,in.g energy t h e wi.d,tt;h fow gamma ra,y de-excitation., a s well a s f o r proton, and other charged, p a r t : i c l e emiss:ion., 1 
,s n e g l i g i b l e , we can m i t e t h e expression f o r t h e neutron. bran.ching r a t i o ( l e v e l width f o r neu,tron emission divided by t o t a l 1,evel width f o r a l , l t h e p o s s i b l e products of t h e d i s i n t e g r a t i o n of t h e compound nucleus) a s rn/(rn + 1
This r a t i o w i l l hence f o r t h be designated a s Gn. The c r o s s s e c t i o n f o r t h e (a,4n) y e a c t i o n a t t h e peak of the e x c i t a t i o n function can then b e m i t t e n a s
where the s u b s c r i p t s 1, 2, 3, and 4 r e f e r t o t h e branching r a t i o f o r t h e emission of t h e l s t , 2nd, 3rd, and 4 t h n,eu.tron. Since t h e n,eu'c;roas a r e evaporate5
-d t h a d i s t r i b u t i o n i n k i n e t i c energy, one d.oes n o t e.xpect t h e c r o s s secti.os? corresponding t o t h e peak of t h e ( a , h ) e x~i t a t~i o n f u n c t i o n f o r a non-fuissi.ona,ble n m l e u s t o b e equal t o t h e c r o s s sectLon f o r eompoun.d nucleus Pormati.on. Thus
we must use f o r u t h e c r o s s s e c t i o n OE woUld expect f o r the (a,4n ) reaction.
T a t i t s peak if f i s s i o n were n o t competing, This value has been estimated ' o b e 1 . 2 barns from ( a , 4 n ) e x c i t a t i o n f m c t i o n s of l e a d i s o t o p e s , 26
This has been used f o r a l l n u c l e i considered and although t h i s choice i s somewha,t a r b lt r a r y it w i l l not introduce any a p p r e c i a b l e u n c e r t a i n t y i n our comparisons. 
A l l of t h e a v a i l a b l e c r o s s s e c t i o n s f o r (a,4n) r e a c t i o n s have been summarized i n Table V, including t h o s e r e p o r t e d i n t h i s work, The source of t h e d a t a i s l i s t e d , i n t h e l a s t column of t h e t a b l e . Wheneveu" p o s s i b l e t h e
Lower l i m i t , a s e x c i t a t i o n function i s s t i l l r i s i n g a t highest energy f o r which a cross s e c t i o n i s reported, value of the cross s e c t i o n corresponds t o t h a t a t the peak of the e x c i t a t i o
d i n t h e t h i r d column, From t h i s type of experimental d a t a we cannot i s o l a t e t h e f i s s i o n width e x p l i c i t l y , b u t only t h e r a t i o of t h e neutror width
t o t h e f i s s i o n width. Examination of t h e mean values of t h e neutron-emission width t o f i s s i a n width r a t i o s r e v e a l s t h a t f o r a given atomic number, t h e r a t i o f / f i nn F c r e a s e s w i t h i n c r e a s i n g mass number. This t r e n d appears t o b e much stronger 2 t h a n t h a t p r e d i c t e d by t h e parameter Z /A, and thus i s probably c l o s e l y r e l a t e c t o t h e f a c t t h a t neutron binding e n e r g i e s show a general t r e n d t o decreasing s y s t e m a t i c a l l y w i t h i n c r e a s i n g mass n u d e r . The r a t i o of neut~on-emissios, t o f i s s i o n widths deduced from t h e c r o s s s e c t i o n s f o r (a,ba) r e a c t i o n s of u~a n i u m and plutonium i s o t o p e s a r e shown a s a function of mass number i n Fig, 4, -B a t z e l l s values5 derived from Past-neutron fLssion c r o s s sec,
tions of various zzranium i s o t o p e s a r e shown f o r comparison. It i s seen t h a t the r a t e of change of t h e neutron t o f i s s i o n width r a t i o with mass number i s approximately t h e
same f o r uranium, plutonium and curium compound n u c l e i .
By making some s i m p l i f y i n g assumptions, it i s p o s s i b l e t o derive ap-
proximate t h e o r e t i c a l formulae f o r t h e f i s s i o n width and neutron-emission I n p a r t i c u l a r , t h e t r e a t m e n t involves some assumptions which a r e n o t v a l i d a t low e x c i t a t i o n energy. By assuming t h a t t h e l e v e l density parameters of t h e p a r e n t nucleus--apart from t h e e x c i t a t i o n energy dependence--are t h e same a s t h o s e of t h e f i s s i o n i n g nucleus a t t h e saddle p o i n t and ad.opt-fng a Table V vs. t h e difference between t h e sum of the f o u r neutrzn -binding energies and t h e sum of t h e four f i s s i o n a c t i v a t i o n energfes f o r t h e compound nuclei encountered i a t h e evaporation chain, The f i s s i o n aetAvation energies were c a l c u l a t e d u.sing t h e formula, g r e s a t e d i n t h e f i r s t p a r t of t h i s paper, and t h e neutron binding energies a r e those calelulated by B. M. Foreman, Jr., and l i s t e d by Hyde and Seaborg. 36 Coasidering t h e approximations fn b o t h t h e t h e o r e t i c a l treatmect and t h e a n a l y s i s o f ' e x p e r imental data, t h e c o~r e l a t i o n appears t o f i t q u i t e well except f o r the po:nt binding e n e r g i e s and t h e sum of t h e f o u r f i s s i o n a c t i v a t i o n e n e r g i e s f o r compound n u c l e i -encount e r e d i n t h e e v a p o r a t i o n chain. The l a b e l s r e f e r t o t h e t a r g e t n u c l e u s and t h e c i r c l e s w i t h arrows i n d i c a t e a lower limit. r e p r e s e n t i n g helium-ion induced r e a c t i o n s of ~a~~~~ It would appear t h a t f o r elements l i g h t e r than thorium t h e s e simple r e l a t i o n s h i p s a r e n o t a good approximation. A l l of t h e t a r g e t n u c l i d e s represented i n Fig. 5 a r e of even atomic number except f o r ~m~~~ and ~k ' '~. It might be expeeted t h a t t h e s e p o i n t s would be high r e l a t i v e t o even atomic number t a r g e t s on t h e b a s i s of t h e r e l a t i v e l e v e l d e n s i t i e s of t h e products formed by neutron evaporation, FOP an (a,4n) r e a c t i o n of an even-even o r even-odd t a r g e t n u c l i d e , two of t h e r e s i d u a l n u c l e i formed by neutron evaporation a r e of even-even nuclear type and two a r e of even-odd nuclear type. However f o r t a r g e t n u c l i d e s with odd atomic number, two of t h e r e s i d u a l n u c l e i formed a r e odd-even and two a r e oddodd. S i n c e odd-A and odd-odd n u c l e i ape believed t o have h i g h e r l e v e l d e n s i t i e s t h a n even-even n u c l e i , ' n e u t r o n evaporation might be expected t o be more prominent f o r t a r g e t s w i t h odd atomic number. This e f f e c t would probably be most important a t t h e l a s t s t a g e o r two of t h e evaporation process. ~e a d o w s~~ has experimentally confirmed an e f f e c t of t h i s n a t u r e i n t h e y i e l d s of (p,pn) and (p,2n) reacti.ons.
I n t h e a n a l y s i s of (d,4n) c r o s s s e c t i o n s t o obtain neutron-emission t o f i s s i o n width r a t i o s , it has been assumed t h a t t h e r e i s no l a r g e v a r i at i o n of t h e neutron-to-fission width r a t i o s witk e x c i t a t i o n energy.
Experimentally it i s r a t h e r d i f f i c u l t t o obtain information on t h i s problem.
However, t h e r a t h e r f l a t p l a t e a u s observed i n fast-neutron-induced f i s s i o n e x c i t a t i o n functions i n d i c a t e s t h a t t h e r e l a t i v e p r o b a b i l i t y f o r neutronemission and f i s s i o n i s not s t r o n g l y dependent on e x c i t a t i o n energy f o r t h i s 
